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Abstract 
The Thai government has promoted the Renewable and Alternative Energy Development Plan for 25 percent in 10 
years (AEDP 2012-2021) to reduce the energy importation. This study aimed to assess the potential development of 
alternative source for biodiesel sector. A case study of three provinces, Krabi, Suratthani, and Nakorn si thammarat, 
was considered to seek for suitable areas for oil palm expansion based on the land suitability guided by the Good 
Agriculture Practice (GAP) of the nation. The study emphasized on the AEDP policy implementation for forest 
conservation and the restriction of expansion only on the pre-existing croplands, mainly the rubber plantation. The 
results indicated that only the land availability and land suitability in the three provinces would be sufficient for oil 
palm expansion target as far as any ages of rubber plantation were considered. In fact, only the old plantation with 
lower production should be deliberated as suitable for land conversion to energy crops. An initial investigation of the 
possibility of rubber plantation age classification using remote sensing data from THEOS satellite was demonstrated. 
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1. Introduction 
The majority of energy consumption in Thailand depends on the importation. Crude oil has the highest 
proportion at 80 percent of total domestic oil consumption, and the value is over 31 billion US dollars. 
The Thai government has promoted the Renewable and Alternative Energy Development Plan (AEDP 
2012-2021) to strengthen the country energy security, to develop renewable energy sources to sustainably 
replacing fossil fuel and oil import in the future, and to move towards the low carbon society [1].  
Biodiesel is one of the attractive renewable fuel sources in Thailand, and the main feedstock is 
obtained from oil palm. The AEDP target is set at 5.97 million liters per day by 2021. Such that, 880 
thousands hectares of oil palm plantation will be required by 2021 [2]. In order to regulate this biodiesel 
alternative, the government has established the protocol-based strategy of oil palm industry (2004-2029) 
and has set the national development toward energy security as the most significant part of The 11th 
National Economic and Social Development Plan (2012-2016) [3]. 
In a process of land transformation to oil palm, rubber plantation is chosen as a priority replacing 
cropland. A trend of rubber market prices in Southeast Asia industry during 2012-2015 has significantly 
declined due mainly to the economic crisis in the EU and US [4]. In response to the crisis, the Thai 
government has taken an opportunity to induce the parallel plans in replacing older rubber plantation aged 
more than 20 years old or lands with lower production by a palm-oil energy crop.  
Today, a combination of GIS and remote sensing techniques can be used to determine crop types, crop 
yield, and, crop age by its growth cycle [5-6]. The aim of this study was (1) to investigate potential land 
availability and land suitability for oil palm expansion focusing on the AEDP policy implementation for 
rubber land conversion using GIS, and (2) to demonstrate an example of rubber plantation age 
classification using remote sensing data from THEOS. The crop age determination will be made explicit 
advantages for land conversion restriction acknowledged in the national renewable energy plan. 
2. Material and methods 
2.1. Study area 
Krabi, Suratthani and Nakornsrithammarat provinces are situated on the Tapi River basin of southern 
Thailand, covering about 2,781 thousand hectares. About 60 percent of oil palm plantations of the country 
are located in the basin because climatic conditions are suitable for their growth [7]. We considered the 
two largest producers of oil palm fresh fruit branch (FFB), Krabi and Suratthani, to seek for suitable areas 
for the expansion based on the land suitability guided by the GAP of the nation. Nakornsrithammarat was 
selected as an alternative producer to assess the possibility of the expansion in the future.  
 
2.2. GIS analysis for land requirement 
Data for land use in 2012 and soil suitability for oil palm cultivation were obtained from the Land 
Development Department, Ministry of Agriculture and Cooperatives of Thailand. A base map is a 
topographic map obtained from the Royal Thai Survey Department. The coordinate system of each map 
layer was validated and converted into the same reference with the same extent. The soil suitability map 
was adjusted by the coordinate shift method [8]. The coordinate of 150 points were selected manually 
around the outer boundary to match with the other 150 ground control points selected from the base map. 
Differences in each pair were determined and its average was calculated to adjust the new coordinate.  
We classified land use types into five categories; oil palm, rubber, other agriculture, forest, and others. 
Soil suitability was classified into four categories. Suitable is defined as "the soil is fertile and suitable for 
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oil palm plantation", marginal means "limitation of somewhat poor drainage", unsuitable is "soil structure 
and texture are rather sticky or sandy and the slope is too high, cannot retain water", and unclassified is 
defined as "slope is greater than 35%".  
A method of converting polygon to raster features was the maximum combined area. A cell size of 100 
meters was chosen to ensure that the smallest area of rubber and oil palm will be discovered.  
Fig. 1. Rubber age classification method 
2.3. Remote sensing analysis for stand age classification of rubber plantation 
x Pre-processing method 
Fig 1 illustrates the stand age classification of rubber plantation using THEOS satellite data acquired in 
November 2011 from the Geo-Informatics and Space Technology Development Agency. The image 
covers the northeast region of Krabi province. THEOS imagery with 15 meter has four multispectral 
bands; red, green, blue, and NIR. It was pre-processed for the enhancement of satellite data before further 
analysis. Firstly, radiometric correction is the method to remove acquisition errors and irrelevant data, 
such as clouds and cloud shadows, and to calibrate imaging spectroscopy data to surface reflectance [9]. 
Secondly, geometric correction is the method to correct image data for distortions and data reconstruction 
[10]. In this study, we transformed the satellite image coordinates by using an image to the topographic 
map method, based on the selected 28 ground control points, resulting in a 1.21 meter error. 
 
x Stratified cluster-window sampling method 
To demonstrate stand age classification of rubber plantation, a representative sample of all age ranges 
is carefully selected to ensure that results from the classification method will be further applied to a larger 
area. A stratified cluster-window sampling approach is proposed in this study. This is the two-stage 
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sampling method. The first stage is the stratified sampling using the ISODATA algorithm. It is an 
unsupervised classification method for preliminary grouping of multispectral data. The method involves 
calculation of distances between a class center to determine the similarity within a class and to distinguish 
the dissimilarity between classes [11]. The second stage is the cluster-window sampling. A cognitive 
perspective process is used for determining an appropriate window size in image classification [12]. The 
method starts with a human visual process to cognitively learning and discriminating texture, pattern, 
tone, and color in the spatial image. This is a preliminary analysis in fundamental feature extraction. Each 
object was then separated by size and shape of plantation plot, and distinct line spacing between rubber 
trees within a plot that differ for different stand age groups. Finally, the most appropriate 4x4 km window 
size was chosen considering both the resolution of the THEOS data and the average size of farm plots in 
this selected area. Then, a cluster window size of 4x4 km was systematically generated to cover the 
image. A process of moving window throughout the image was carried out by visual interpretation for 
data filtering to best select a representative sample that comprised the proportion of each stratified stand 
age group evenly distributed. Any cluster window with cloud and/or cloud shadow was excluded. 
x Classification method and accuracy assessment 
Support Vector Machine is a supervised classification using the construction of a linear separating 
hyperplane between two classes by the largest margin among them [13-14]. To validate stand age groups 
of rubber plantation, a confusion matrix was applied for prediction correctness between training and 
testing dataset [15]. A stratified random sample of training and testing dataset with 60:40 ratio was used 
to select Regions of Interest (ROI) for each group. Four types of accuracy measure were produce 
accuracy, user accuracy, overall accuracy and kappa coefficient. A field survey is an important process to 
ensure an accurate classification result, but it could be done with high cost. Using the survey report from 
previous study on rubber age determination in other regions [16-17] is one of the most feasible ways to 
solve this problem. In addition, Google Earth high-resolution imagery with geo-metric accuracy and finer 
spatial resolution provides an effective and alternative way as a digital field survey on computer [18-19]. 
3. Results and discussion 
3.1. Land use 
Table 1 shows five land use categories in 2012 that are currently placed on diverse conditions of areas 
for oil palm growth. On the most and marginal suitable lands, the majority of oil palm plantations is 
evidently located in Krabi and Suratthani whereas other agriculture are mainly observed in 
Nakornsrithammarat. Suratthani has the most rubber plantation following by Nakornsrithammarat, and 
Krabi. As expected, forest land is clearly not suitable for oil palm expansion.  
Table 2 shows a refinement of other crops in Nakornsrithammarat with rice paddy fields contributing 
to the highest proportion. Many government irrigation projects in different scales have been developed to 
sustain an optimal yield of paddy field cultivation. Encouraging a food cropland farmer to become an oil 
palm farmer could cause adverse consequence to local food security and local economic issues.  
Table 1. Land use in 2012 on various conditions of lands for oil palm plantation in Suratthani, Krabi, Nakornsrithammarat provinces 
(Unit in 1,000 hectares); where S: suitable, M: marginal, US: unsuitable, and UC: unclassified 
Land use 
 
Suratthani Krabi Nakornsrithammarat 
S M US UC S M US UC S M US UC 
Oil palm 88.7 56.3 25.3 26.0 140.6 9.3 20.8 11.2 11.2 36.3 6.2 3.0 
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Rubber 292.6 52.4 104.5 73.9 120.4 4.7 23.5 10.1 151.3 62.7 136.6 33.1 
Other agriculture 31.2 22.9 24.6 17.8 6.0 1.4 5.1 0.7 32.0 120.5 27.8 21.3 
Forest 12.8 2.5 379.4 6.1 13.1 0.4 93.2 5.4 4.5 17.1 198.3 4.4 
Others 26.3 22.0 19.1 26.3 11.8 1.2 3.7 2.9 24.3 57.4 27.3 12.4 
 
In addition, the strategy to increase oil palm yield in marginal and unsuitable area should be taken into 
account to avoid the replacement by other economic croplands and/or the forest encroachment [20]. This 
undesirable scenario may lead to environmental conflicts and food security issues.  Several agriculture 
management factors suggested in the GAP is the key to improve yield, such as water sources, planting 
area, plant species, the use of pesticide and fertilizer, harvesting and host-harvest handlings. The 
government should seriously implement these factors into the action plans.  
Fig 2 illustrates a map of rubber plantation on the potential areas that could be converted to grow oil 
palm in the future. Only the land availability and suitability in the three provinces would be sufficient for 
oil palm expansion target, giving that any ages of rubber plantation are considered.  
 
Table 2. Different agricultural crop types on land suitability for oil palm cultivation in Nakornsrithammarat 
Others agriculture 
1000 hectares (%) 
Suitable Marginal Total 
Active paddy field 0.7 (2.2) 67.2 (55.8) 67.9 (44.5) 
Mixed orchard 17.0 (52.9) 4.1 (3.4) 21.1 (13.9) 
Abandoned paddy field 0.9 (2.9) 10.8 (9.0) 11.7 (7.7) 
Casuarinas 0.02 (0.1) 7.3 (6.1) 7.3 (4.8) 
Coconut 4.6 (14.3) 2.4 (2.0) 7.0 (4.6) 
Others agriculture 8.9 (27.6) 27.6 (23.8) 37.5 (24.6) 
Total 32.1(100) 120.4 (100) 152.5 (100) 
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Fig. 2. Distribution of rubber plantation on different soil suitability conditions for oil palm plantation in Suratthani, Krabi,  
Nakornsrithammarat provinces in 2012 
However, not every rubber plantation is able to convert into oil palm plantation regarding to the 
characteristic of its life cycle. Rubber is a perennial plant that can be tapped for latex once it reaches 
approximately six years of age. The older trees produce more latex, and then decline when they reach the 
age of 20 to 25 years. In brief, rubber plantations with more than 20 years of age located on suitable land 
for oil palm cultivation should be considered as potential lands to be replanted with oil palm. Thus, stand 
age determination of rubber plantation is one of the key success for the AEDP policy implementation. 
3.2. An example of rubber stand age classification  
Classification results identified three groups of age; new plantation, immature plantation and mature 
plantation. Distributions of NDVI and the cognitive visual interpretation of image textures and patterns 
based on Google Earth were used for data validation. Fig 3 shows results of land surface reflectance of 
THEOS spectral bands and two vegetation indices for the three groups of stand age determination. The 
visible lights, including red, blue and green bands, show a decline in average reflectance values when the 
age of rubber is getting older [21]. On the other hand, NIR, NDVI and SAVI have a positive relation with 
the age. The result also shows that NDVI and SAVI can entirely separate the new plantation from the 
mature plantation. It can be explained by nature of NDVI value that is calculated from the visible and 
NIR reflected by plants. NDVI has a positive relation (maximum is +1) to the photosynthetic capacity and 
hence energy absorption of plant canopies [22]. The healthy plant with dense green canopies extended 
cover the ground area tends to give strongly positive values (approximatlly 0.8 to 1.0). The low, positive 
values (approximately 0.2 to 0.4) identifies unhealthy vegetation with transparent and narrow canopies, 
shrub and grassland including the ground cover by a greater proportion of soil texture and rock.  
Fig 4 shows the true colour combination from satellite image (Fig 4a), false colour combination of 
NIR, green and red band (Fig 4b), classification result obtained from SVM method (Fig 4c). The accuracy 
of classification can be assessed by using confusion matrix and 167 ground truth points per age groups. 
Overall accuracy is 98.6 percent and kappa coefficient is 0.98. The accuracy of new plantation, immature 
plantation and mature plantation were greater than 96 percent for user accuracy and produce accuracy. 
The visible lights together with NDVI can enhance the classifacation process. The blue band is the best 
because it has the wave length between 0.45-0.52 μm, reflecting bareland surface and better use to 
seperate abandoned land from forest or deciduous forest from evergreen forest [23]. By replacing red 
colour with NIR band, blue colour with red band, and green colour with green band as suggested in 
previous study [20], the false colour composite images (Fig 4b) can be generated for visual analysis and 
to confirm the classification of age definition. The comparison between Fig 4b that illustrated the false 
colour combinations result and Fig 4c indicate the high possibility of using visible light band with 
suggested false colour composite technique to identify age range of rubber plantation. 
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Fig. 3. Average reflectance of THEOS bands, NDVI and SAVI for each stand age group of rubber plantation 
 
                       (a)                                                    (b)                                                (c) 
Fig. 4. (a) True colour combination from satellite image; (b) False colour combination of NIR, green and red band; (c) Classification 
result obtained from SVM method; cyan colour represents the new plantation, red colour represents the immature plantation, 
green colour represents the mature plantation, and black colour represents the non-rubber plantation 
Based on this example study, we adopt the age range defined in previous studies [16-17, 24] to 
specifically identify the age classification results as; the new plantation is < 5 years, the immature 
plantation is 5 to 10 years, and the mature plantation is > 10 years. The on-screen survey using Google 
Earth high-resolution image for age classification result validation can be demonstrated in Fig 4c. If 
considering only the study area with cover the area of 1600 hectares, 82.2 percent of the total area is the 
mature plantation area that has high probability to be converted into oil palm. Due to the fact that almost 
rubber farmers in Thailand decide to cut down their plant when it gains approximately 19-20 years by 
reason of the economic profit, not all rubber plantation situated in the mature plantation area are the 
suitable candidate of oil palm expansion policy. Thus, the precise estimation of the availability of the 
rubber cultivation areas with narrow age intervals is essential to the policy implementation strategies and 
planning in order to achieve the replacement of non- profitable rubber plantation with oil palm. In 
addition to the achievement of AEDP policy on biodiesel target, the information of mature rubber 
plantation are ideally required for the better planning and managing promotion strategies in order to 
convince the farmers to participate in oil palm expansion. For example, the government can manage 
compensation fund, which is one of the policy driven strategies, to subsidise the farmers who prefer to 
change their cropland to oil palm plantation and can allocate sufficient money effectively to the province 
that has greater potential oil palm expansion during the time span of the alternative energy development 
plan. GIS data and RS technologies, such as satellite images, are the alternative choice to overcome this 
limitation and provide the reliable data for analysing of field data in ways that were not possible before. 
new plantation 
immature plantation 
mature plantation 
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The knowledge gained will greatly support the government decision making on the AEDP policy 
implementation.   
4. Conclusion 
This study aims at assessing the expansion of new oil palm plantation to the existing rubber croplands 
by considering soil suitability and stand age groups. Krabi and Suratthani are the first two oil palm 
producing provinces of the country where lands are evidently available and suitable for rubber conversion 
to oil palm, as indicated in this study. Although Nakornsrithammarat has potential expansion areas, it is 
noted that agro zoning for food crops, particularly rice paddy field, should be delineated very restrictedly 
to secure primary food sources in the region.  
Determination of stand age groups for rubber plantation was preliminarily investigated in the study to 
evoke agricultural planners to seriously and deliberately concern the fact that up-to-date zonings of old 
rubber plantation and/or low yield producing areas should be carried out and recommended for precision 
agriculture management and policy planning. THEOS satellite is capable for applications in land use and 
agriculture monitoring, combined with free high resolution satellite imageries available for free 
downloads, together with free GIS and RS software for analyses. Research and development of these 
technologies will support an effective agro zoning management, as evident in the present study of palm-
oil based biodiesel land requirement.    
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